Concentrations of prolactin, glucose, insulin, urea N, and total amino acids in plasma of stallions after ingestion of pelleted feed were compared to those after direct gastric administration of water, NaC1, egg albumin, or corn starch (Exp. 1 j or water, egg albumin, hydrolyzed casein (Amicase9, or a mixture of indispensable amino acids (Exp. 2). Stallions were fed once daily (75% pellet and 25% hay) at 1500 for 30 d. On d 22, 24, 26, 28, and 30, blood samples were collected every 30 min from 1 h before through 4 h after treatment, which occurred at 1100. In Exp. 1, there was a positive secretory response for prolactin ( P = .013) only after the meal.
Introduction
Prolactin concentrations in plasma of mares and stallions increased after ingestion of a meal consisting of an alfalfa and grain-based pellet and grass hay (DePew et al., 1994) . Peak concentrations occurred approximately 2 h after the onset of eating, and stallions exhibited a greater response than mares. Similar rises in prolactin concentrations after ingestion of a meal have been reported for various species (Bryant et al., 1970; Carlson et al., 1983; Bronson and Heideman, 1990; Kazmer et al., 1992) . Although the exact cause of the prolactin response is not known, protein has been implicated in humans as the major nutrient responsible for the stimulation of prolactin secretion after eating (Ishizuka et al., 1983; Carlson, 1989) .
The purpose of these experiments was to determine whether &rect gastric administration of water, salt (NaCl), carbohydrate (corn starch), or various nitrogen sources (egg albumin, hydrolyzed casein, or a mixture of indispensable amino acids) would increase prolactin concentrations in horses in a manner similar to that observed after feeding. Concentrations of stallions used in Exp. 1 were also used in Exp. 2. Other than during the experiments, stallions were maintained in individual 50-m x 75-m lots and fed once a day at 0800. Beginning on d 1 of each experiment, the stallions were switched to a once-daily feeding a t 1500. On d 14, stallions were moved to individual stalls in a barn. They were housed in the stalls continually until the end of the experiment ( d 30) and were fed once daily at 1500. While the stallions were in the barn, the diet consisted of an alfalfa and grain-based pellet (Table 1 ; fed to provide 82.5% of the CP requirement for maintenance; NRC, 1989) and bermudagrass hay (fed to provide 27.5% of the CP requirement). This diet was similar to that fed by DePew et al. (1994) and was representative of a typical diet for adult horses. Pre-trial CP determinations of the pelleted feed and hay (AOAC, 1990) were used to calculate the amounts fed to each stallion. Stallions had ad libitum access to water except during periods of blood sampling, when no water was provided. While stallions were housed in the barn, their uneaten feed and hay were removed at midnight.
Treatments were administered on d 22, 24, 26, 28, and 30, in a 5 x 5 Latin square design. On treatment days, each stallion received a 14-gauge jugular catheter at approximately 0630. Also at this time, if required, a flexible plastic tube (16 mm o.d., 10 mm i.d.1 was passed via the ventral meatus of the nose, down the esophagus, and into the stomach. The external end of the tube was fastened to the stallion's halter, and the stallions were rested for 2 h before initiation of blood sampling. Stallions did not receive a stomach tube on the day that they received feed as a treatment. The five treatments in Exp. 1 were 1) water, 2 ) NaCl in water, 3 egg albumin in water, 4 ) corn starch in water and 5 ) the pellet portion of their daily ration. The five treatments in Exp. 2 were 1) water, 2 ) egg albumin in water, 3 ) h i c a s e @ (hydrolyzed casein containing approximately 85% free amino acids and 15% peptides; Sigma Chemical, St. Louis, MO) in water, 4 ) a mixture of indispensable amino acids in water, and 5 ) the pellet portion of their daily diet. The egg albumin and Amicase solutions were calculated to be isonitrogenous with the pellet portion of each stallion's daily ration; likewise, the corn starch was calculated to be equivalent to the soluble carbohydrate contained in the pellet (i.e., nitrogen-free extract). The 10 indispensable amino acids were combined in proportion to their presence in the pelleted feed (Table 1) ' and this mixture was administered so as to be isonitrogenous with the pellet portion of the daily diet. Average amounts administered were 701 g of egg albumin, 684 g of Amicase, 1.0 kg of corn starch, and 561 g of indispensable amino acids. Sodium chloride was administered at .12 g/kg of BW, which was equivalent to the estimated daily requirement (Hintz, 1977) . For the average stallion (436 kg BW), the amount of pelleted feed offered was 4.4 kg ( a s fed; 4.0 kg DM).
For administration, the weighed portions of NaC1, corn starch, egg albumin, Amicase, and amino acid mixture were mixed with distilled water and brought to a final volume of 1.5 L (Exp. 1) or 2.0 L (Exp. 2). This volume was poured via a funnel down the stomach tube, and then an additional .5 L of water was used to flush the tube. Treatment with water alone consisted of flushing 2.0 L (Exp. 1) or 2.5 L (Exp. 2 ) through the tube directly; the additional volume in Exp. 2 was needed to get the Amicase into solution. All solutions were warmed to 38°C before administration. The feeding treatment consisted of providing the stallion his daily diet of pellet (no hay) for 60 min, after which any uneaten pellet was removed. In Exp. 1, four stallions consumed 100% and one stallion consumed 73% of their diet of pelleted feed; in Exp. 2, three stallions consumed 100% and the other two stallions consumed 78 and 91%.
Blood Sampling and Analyses. Blood samples ( 10 mL) were drawn every 30 min from 1 h before treatment through 4 h after treatment; in Exp. 2, a n additional sample was collected at 15 min after treatment. Treatments were administered at 1100. At the end of sampling, stallions received their normal pellet and hay diet at 1500; stallions fed pellet on a given day as their treatment received only their hay a t 1500. Jugular catheters were kept patent with aqueous 6% ( w t h o l ) sodium citrate. All blood samples were divided into two aliquots of 8 and 2 mL. The 8-mL aliquots were placed into tubes containing 180 USP units of sodium heparin in 80 pL of saline (for prolactin, insulin, urea N, and total amino acids determination), and the 2-mL aliquots were placed into tubes containing 100 USP units of sodium heparin and 7.5 mg of NaF in 150 pL of saline (for glucose determination). All samples were mixed immediately, placed in an ice bath, and centrifuged within 30 min after collection at 1,500 x g for 15 min at 5°C. Plasma was stored at -15°C.
Prolactin in plasma was measured by RIA previously validated for horse plasma (Colborn et al., 1991) . Concentrations of insulin were measured by RIA (Fernandez et al., 1988) . Specificity of the insulin RIA for insulin in horse plasma was confirmed in our laboratory as follows: 1 ) serial dilutions of several horse plasmas produced inhibition curves that were parallel to that produced by the purified standard used in the assay (equine insulin; Sigma), 2 ) gelexclusion column chromatography (Sephadex G-100; Sigma) resulted in a single peak of immunoreactivity that was coincident with the elution of radiolabeled hormone, and 3 ) addition of various amounts of purified standard to noninhibitory horse plasma resulted in quantitative recovery of the hormone (i.e., no plasma effects in the assays).
Glucose and urea N were analyzed by enzymatic colorimetric procedures (Fernandez et al., 1988) . Total amino acid concentration was determined colorimetrically as described by Broderick and Kang (1980) .
Analyses of CP (Kjeldahl-N) and ash in the pelleted feed were performed via AOAC (1990) TO FEED IN STALLIONS 2347 procedures; ADF and NDF were determined by procedures described by Goering and Van Soest (1970) . Amino acid determinations on the pelleted feed were performed via the methods of Spitz (19731, Gehrke et al. (1987) , and AOAC (1990).
Statistical Analyses. Data for each variable were analyzed by split-plot ANOVA (SAS, 1988) with treatment as the main plot and times of sampling as the subplots (Steel and Torrie, 1980) . The main plot consisted of a 5 x 5 Latin square design with horse, day, and treatment as factors; the error term for testing treatment effects was the horse x day x treatment interaction. In the subplot, period and the treatment x period interaction were tested with the residual error. Statistical analyses were also run ( 5 x 5 Latin square) on areas under the curve calculated for each plasma constituent. Areas were calculated for each stallion by summing the time x concentration increments after subtraction of that animal's pretreatment average. Mean areas were determined to differ from zero via t-tests using the pooled standard error (Steel and Torrie, 1980) . In some cases, data for a single treatment group were analyzed separately in a two-way (horse and time as factors) ANOVA to confirm whether changes over time occurred for that group. Significant effects detected in both analyses were viewed with a high degree of confidence. In two cases, the different analyses produced unlike results, and these effects were viewed more critically as to 1 ) their consistency across horses and 2 ) their relationship to the other variables being studied.
Results
Experiment 1. Treatment x time interactions were observed for plasma concentrations of prolactin ( P < .005), insulin ( P < .001), and glucose ( P < . O O l ) . . Plasma concentrations and areas under the curve for glucose and insulin in stallions after ingestion of an alfalfa and grain-based pelleted feed (F) or direct gastric administration of water (W), NaCl (S), egg albumin (EA), or corn starch (CS) at time 0 (arrows). Each line represents the mean of five stallions treated in a 5 x 5 Latin square design. The SEM estimates were 4.5 mg/dL and .05 ng/mL for glucose and insulin concentrations, respectively, and 23 h.mg.dL-l and .29 h.ng.mL-' for their areas. *Differs from zero ( P = ,055). **Differs from zero (P < .001).
Feeding increased prolactin concentrations from 4.9 ng/mL immediately before feeding (time 0 ) to a peak of 8.5 ng/mL 1 h after feeding ( Figure 1) ; concentrations remained higher than the prefeeding samples over the ensuing 3 h of collection. Gastric administration of egg albumin, corn starch, NaCl, or water did not affect ( P > . l ) prolactin concentrations. Analysis of areas under the prolactin curve confirmed that only feed altered ( P = .013) prolactin secretion after treatment (Figure 1 1.
Feeding caused a positive glucose response; average concentrations increased from 85 mg/dL immediately before feeding to a peak of 103 mg/dL 1 h after feeding (Figure 2) . Corn starch caused a positive glucose response, with peak concentrations of 142 mg/dL at 2 h after administration. Administration of egg albumin caused a rise in average glucose concentrations from 88 mg/dL at time 0 to 106 mg/dL at 3.5 h (Figure 2) . Areas under the glucose curve confirmed that consuming the pelleted feed ( P = . O M ) and administration of corn starch ( P < .001) both caused glucose concentrations to increase. Area under the glucose curve for egg albumin was found not to differ ( P = .23) from zero, whereas two-way ANOVA ( P < .001) did indicate a positive change over time. Water and NaCl did not affect ( P > . l ) plasma glucose concentrations.
Feeding increased average insulin concentrations from .06 ng/mL at time 0 to .39 ng/mL at 30 min (Figure 2 ). Gastric administration of corn starch increased insulin concentrations from .04 ng/mL at time 0 to .16 ng/mL at 30 min to a peak of .86 ng/mL 3 h after treatment. Areas under the insulin curve for feed and corn starch differed from zero ( P < . O O l ) . Areas under the insulin curve confirmed that administration of egg albumin, NaC1, or water had no effect ( P > . l ) on insulin concentrations (Figure 2 ). Plasma concentrations of urea N were not affected ( P > . l ) by treatment (Figure 3 ) regardless of analysis. Although there was no treatment x time interaction ( P > . 1) for plasma concentrations of total amino acids, area under the total amino acid curve for feed did differ from zero ( P = .008; Figure 3) . Experiment 2. Treatment x time interactions ( P <
.OO 1) were observed for plasma concentrations of prolactin, insulin, glucose, urea N, and total amino acids. Feeding increased prolactin concentrations from 5.0 ng/mL immediately before feeding to 9.0 ng/mL or greater 30 min later (Figure 4 ). Gastric administration of water decreased prolactin concentrations from 5.8 t o 3.4 ng/mL (Figure 4) . The effects on prolactin concentrations following feeding and water were Figure 3 . Plasma concentrations and areas under the curve for urea N and total amino acids in stallions after ingestion of an alfalfa and grain-based pelleted feed (F) or direct gastric administration of water (W), NaCl (S), egg albumin (EA), or corn starch (CS) at time 0 (arrows). Each line represents the mean of five stallions treated in a 5 x 5 Latin square design. Only one pretreatment blood sample (time 0) was measured for total amino acids. The SEM estimates were .23 mgldL and .17 mmol/L for urea N and total amino acid concentrations, respectively, and 3.8 h.mg.dL-l and .54 h.mmo1.L-l for their areas. *Differs from zero (P = .008). Latin square design. The SEM estimates were 2.6 mg/dL and .1 nglmL for glucose and insulin concentrations, respectively, and 12.5 h.mg.dL-l and .46 h.ng.mL-l for their areas. *Differs from zero (P = .026). **Differs from zero (P < .005).
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confirmed by areas under the prolactin curve ( P < .03). Although gastric administration of the amino acid mixture and Amicase seemed to increase prolactin concentrations in the last 2 h of blood sampling (Figure 4 ) , area under the prolactin curve was different from zero only for Amicase ( P = .061); this effect of Amicase was also evident in the two-way ANOVA ( P = .025). Gastric administration of egg albumin did not affect ( P > .1) prolactin concentrations.
Feeding resulted in an increase in plasma glucose concentrations from 69 mg/dL at time 0 to a peak of 114 mg/dL 1.5 h after feeding ( Figure 5 ). Increases of lesser magnitudes were observed for the amino acid mixture and Amicase. Areas under the glucose curve were greater ( P < . O O l ) than zero after feeding and following administration of the amino acid mixture and Amicase. Administration of egg albumin or water did not affect ( P > .1) plasma glucose concentrations.
Feeding resulted in a positive insulin response; average concentrations increased from .02 ng/mL at time 0 to .52 ng/mL .5 h after feeding (Figure 5 ) . Again, increases of lesser magnitudes were observed for the amino acid mixture and Amicase. Areas under the insulin curve ( P < .03) confirmed that feed and gastric administration of the amino acid mixture or Amicase stimulated insulin secretion. Gastric administration of egg albumin or water had no effect ( P > . l ) on insulin concentrations ( Figure 5) .
Although there was a treatment x time interaction ( P < .001) for plasma urea N concentrations, only the amino acid mixture and Amicase resulted in areas under the urea N curve that were greater
than zero (Figure 6 ). Feeding and gastric administration of water or egg albumin had no effect ( P > .1) on plasma urea N.
An increase in total amino acid concentrations was observed following feeding and gastric administration of Amicase and the amino acid mixture (Figure 6) .
Areas under the total amino acid curve ( P < .001) confirmed that all three of these treatments increased total amino acid concentrations in plasma; egg albumin and water had no effect ( P > .1).
Discussion
These studies confirm our earlier report (DePew et al., 1994 ) that ingestion of an alfalfa and grain-based pellet increases plasma concentrations of prolactin in mature light horse stallions. However, no nutrient alone, administered directly into the stomach, produced a rise in prolactin concentrations identical to that after feeding. Because gastric administration of corn starch, Amicase, and the mixture of indispensable amino acids produced the expected rises in plasma glucose and subsequently insulin concentrations, and because the nitrogenous compounds (except egg albumin) increased total amino acid concentrations, we conclude that normal digestion and absorption of these nutrients occurred. From this, we conclude that none of the following factors are responsible for the mealinduced rise in prolactin concentrations: 1 ) increased plasma glucose concentrations, 2 j increased plasma insulin concentrations, 3 ) increased protein digestion or amino acid absorption by the gut, or 4) increased carbohydrate digestion and glucose absorption by the gut.
In humans, protein ingestion increases prolactin concentrations in blood (Carlson et al., 1983) . Similarly, intravenous infusion of amino acids in sheep increases prolactin secretion (Davis, 1972 unpublished results). The fact that Amicase, which contains approximately 15% small peptides, produced a delayed increase in prolactin concentrations ( 3 h after feeding), whereas the mixture of amino acids did not, may implicate the peptides in the Amicase effect. If indeed a portion of the prolactin response after feeding was due to absorption of such peptides, then the earlier phase of prolactin secretion immediately after eating the pelleted feed would likely be due to other factors. The act of eating, as opposed to gastric administration, may be important, and the possible involvement of neural reflexes needs to be considered. This point is well illustrated by the differing patterns of insulin response to the meal and to gastric administration of corn starch. That is, corn starch placed in the stomach resulted in a gradual increase in insulin concentrations that closely followed the rise in glucose concentrations. In contrast, the insulin response after eating was close to maximal after just 30 min in Exp. 1, even though the pattern of rise in glucose concentrations was similar to that observed after administration of corn starch. This early, exaggerated response in insulin concentrations is likely mediated neurally, with the later sustained concentrations due to elevated glucose concentrations.
These stallions were fed to meet 110% of their CP requirement. However, they were fed a diet averaging approximately 13.7% CP (hay plus pelleted feed), which is higher in CP than is recommended for stallions (9.6%; NRC, 1989) . The net result was that their energy intake, on the average, was calculated to be approximately 89% of maintenance requirements. The estimates for energy requirements of stallions reported by NRC (1989) are 25% above those for mares and geldings of the same BW, apparently based on the assumption that stallions are more active than these other horses during the breeding season. Given that our stallions were housed continually in stalls in a barn during the two experiments, it is unlikely that their maintenance energy requirements were 25% higher than those of mares and geldings. However, there were two indications that these stallions were in a slight negative energy balance: 1) all horses generally finished their hay and pelleted feed each day throughout the two experiments, and 2 ) pre-feeding plasma NEFA concentrations in stallions fed in the same manner were elevated to approximately .5 mEq/ L and decreased rapidly after feeding to .2 mEq/L (DePew et al., 1994) .
Studies with humans have shown a higher prolactin release after eating in women than in men (Carlson et al., 1983) , whereas DePew et al. (1994) found that stallions exhibited a prolactin response that was approximately twice that observed in mares. Also, the time at which prolactin peaks after eating seems t o differ among species. For instance, prolactin peaks at approximately 1 h in humans (Quigley et al., 1981; Carlson et al., 1983) and at 6 h in cattle (McAtee and Trenkle, 1971) . The gradual meal-induced rise in prolactin concentrations that we observed previously in mares and stallions (DePew et al., 1994 ) occurred after feeding a combination of hay and pelleted feed. Feeding only the pelleted feed in the present two experiments may account for the more rapid increases seen in prolactin concentrations.
There was no indication that the egg albumin used in these experiments was digested and absorbed. That is, neither urea N nor total amino acid concentrations in plasma changed after administration of egg albumin, whereas both were increased by gastric administration of Amicase and the amino acid mixture. We previously reported (DePew et al., 1994 ) that concentrations of nine indispensable amino acids increased in plasma of mares and stallions within 2 h after ingestion of the alfalfa and grain-based pellet and grass hay; only methionine did not increase. To confirm the relationship of the total amino acid measurement in the present experiments to the individual amino acid determinations performed by DePew et al. (19941, we assayed plasma samples from three mares and three stallions from that previous experiment (DePew et al., 1994) €or total amino acids as performed herein. The increases in plasma concen-ET AL. trations over time were similar to those reported for the individual amino acids, indicating that total amino acid concentration is adequate for the detection of protein digestionlamino acid absorption after a meal. Thus, the simplest explanation for the lack of increase in total amino acids in stallions administered egg albumin is that the protein was not readily digested and absorbed. It is not known why the protein from a feed containing basically plant-based proteins would be digested and absorbed within 1 to 2 h whereas egg albumin was not. It is possible that direct gastric administration of the egg albumin resulted in little pancreatic exocrine secretion due to a high passage rate, that digestion was for some reason delayed beyond the period in which we sampled, or that the batch of egg albumin used in these studies was for some reason not digestible by horses.
In conclusion, we have confirmed that consumption of a meal of alfalfa and grain-based pellet increases prolactin secretion in the stallion. However, direct gastric administration of nutrients (water, NaCl, protein, or carbohydrate) did not produce the same rise in prolactin concentrations, indicating that these individual nutrients are likely not responsible for the feed-induced prolactin response. Other factors involved with eating, such as chewing, salivation, or swallowing, may be involved in the response, or perhaps a combination of nutrients, rather than individual nutrients, may be responsible.
Implications
The role of prolactin in the nutritional physiology of the horse is unknown. The fact that consumption of a pelleted feed results in a transient rise in prolactin secretion indicates that prolactin may be involved in metabolism of basic nutrients, as is suspected in other species. If so, understanding its involvement would provide the basis for strategies to manipulate prolactin secretion with the goal of maximizing nutrient utilization and(or) partitioning. The data generated in these experiments indicate that neither digestion nor absorption of feed components is responsible for the rise in prolactin after feeding. AOAC. 1990 
Literature Cited

